Abstract-This paper presents an EMC modelling approach for the latest dual die CPU with a heatsink from an antenna point of view. The model acts as a very efficient antenna while its structure is constructed almost according to a real dual die CPU structure. Different sizes of heatsink cooperate in the investigation of electromagnetic characterization. Simulation and measurement are accomplished in far-filed range. The results show that the dual die model without heatsink is resonating at two frequencies which are 2.04GHz and 4.9GHz. When a heatsink is mounted however the resonant frequencies are changed to 1.80GHz and 5.20GHz respectively.
I. INTRODUCTION
For the purpose of achieving higher performance, various techniques are developed and implemented in the design of processors, i.e., intensive chip density, increasing clock speed and low power consumption. The result of performance evolution brings much more expectations in characterization of electromagnetic compatibility (EMC) performance as well. Therefore, different researches are investigating to predict EMC performance ahead of final fabrication for the demand of manufacturers.
In order to provide EMC engineers and Processor vendors with a common standard which determine the validity and accuracy of their EM modeling, there is a typical model 2000-4 [1] proposed by the IEEE/EMC Society Technical Committee (TC-9) and the Applied Computational Electromagnetic Society (ACES). It is a specific electromagnetic challenging problem for the modelling of the CPU and heatsink. In this model, a traditional CPU and heatsink is modelled as a structure of a monopole antenna. As a simplified model, it ignores the package information, and the heatsink is simplified from the real structure as a solid block without fins [2] . Furthermore, some research work is extended from this model [3] - [5] Recently, multi-die package technique has been widely used in the design of high performance processors. Taking a dual die CPU for example, two separate dies are packaged in a single package. It changes the traditional structure of internal processor and the electromagnetic performance [6] [7] . In this paper, a different modelling approach is proposed and applied on the latest dual die CPU with a heatsink. A dual die CPU is modelling with a specific patch antenna structure. Two resonant frequencies are found and verified.
II. DUAL DIE CPU MODELLING

A. Simulation Model
The simulation model is constructed according to a real structure [8] [9] , although few classified intellectual properties are instead by assumptions. According to Fig. 1 (a) and Fig. 1  (b) , the constructed model consists of a substrate, dies, integrated heat spreader (IHS), heatsink and other adhesive materials. The bottom of the substrate is grounded and two lump ports are extracted from it to give two separate internal excitations. Two probes stand through the substrate and the dies performing internal connections. Modification and simplification are implemented to reduce the mesh complexity which could save simulation time and resources. From an antenna point of view, the substrate is extended to provide a more effective ground plane. When a finite ground plane is used in practice [10] , the size of the ground plane should be greater than the patch dimensions by approximately six times the substrate thickness all around the periphery. This is to ensure that the results are similar to those obtained from using an infinite ground plane. As a result, a square size of 61.5 mm × 61.5 mm is applied to the ground plane in this application. Details of die size in one Intel commercial quad core chip are found in [11] with 107.0 mm 2 per die. Therefore, according to the practical die size, an assumption of width and length is made on the model which is 9.0 mm × 11.9 mm. The structure specification is detailed in TABLE I. 
B. Fabrication of Test Model
A test model is manufactured according to the simulation model. A practical model is given in Fig. 2 . The only difference between simulation model and test model is on the excitation ports. In test model, Two SMA connectors are installed to connect to excitation sources. In Fig. 3 , it provides a structure specification of the dual die test model. The ground plane is a very thin piece of copper, melting at the bottom of the substrate. Its size is also extended. Commercial adhesive and thermal grease are used to ensure that the required parts are in complete contact with others. In addition, TABLE II lists the detailed material assignment. According to TABLE III and TABLE IV , comparisons between the reflection coefficient of simulation and measurement are made under corresponding configurations, at port1 and port2 respectively. For instance of port1, as shown in Fig. 4 (a) , a group of simulation results at simultaneous excitations give resonant frequencies of 2.04 GHz with -18.5140 dB and 4.90 GHz with -12.01 dB while measurement results present resonant frequencies of 2.025 GHz with -16.19 dB and 4.975 GHz with -24.11 dB. Also, in Fig. 4 (b) , simulation results give resonant frequencies of 2.04 GHz with -3.783 dB and 4.80 GHz with -9.249 dB while measurement results present resonant frequencies of 2.025 GHz with -6.687 dB and 4.975 GHz with -19.48 dB at port2. According to the figures, simulation and measurement results show a good consistence at the first low resonant frequency. At the second high resonant frequency, however, the measured resonant frequencies are higher and reflection coefficients of measurement are deeper than simulation. These errors may be generated by the physical errors in fabrication and losses in measurement. Fig. 4 (a) . Reflection coefficient comparison between simulation and measurement for port1 when without heatsink Fig. 4 (b) . Reflection coefficient comparison between simulation and measurement for port2 when without heatsink As listed in TABLE III and TABLE IV , measured resonant frequency and reflection coefficients are slightly different from the expected simulation results. In addition, modelling of a heatsink as a cubic box is simple compared to a real heatsink with fins. Also, the practical manufactory brings industry errors which make difference from the size in simulation model. Furthermore, errors and losses are introduced in calibration and measurement as well. All of these factors will introduce some acceptable errors, however they are still in a reasonably matched place. 
III. EXPERIMENTAL RESULTS
A. Reflection Coefficients
mm × 39 mm heatsink 5.525 -22.6005 Excitation at port1 and port2, with 83 mm × 64 mm × 38 mm heatsink 1.775 -9.8643 5
B. Far-Field
A comparison of simulation and measured far-filed radiation patterns is presented for model without heatsink in Fig. 5 . As presented in Fig. 5 (a) , the simulation result shows radiation power emitted vertically along +Z axis. The power radiating underneath the model is very weak. With the normalised results, the radiation patterns show good agreement on both simulation and measurement for far-field in Fig. 5(b) . When the heatsink is mounted on the model, Fig. 6 gives a comparison of normalised simulation and measurement results in far-field. Due to losses in cables and chamber reflection, the figure doesn't match too much. The radiation direction however is the same between simulation and measurement. 
IV. CONCLUSIONS
In this paper, a new EMC modelling approach of a dual die CPU structure with heatsink has been proposed. It provides a unique EMC prediction model in a new CPU structure and complements the former electromagnetic challenging problem 2000-4. The new model combines a real dual die CPU structure with heatsink as a microstrip patch antenna structure. Results show that the model acts as an effective antenna that generating electromagnetic interference. Reflection coefficient measurement results show the correlation with measurement. In the range of 2 GHz to 6 GHz, the resonant frequencies of the model without the heatsink at port1 are measured at 2.025 GHz with -16.19 dB and 4.975 GHz with -24.11 dB, compared with the simulation result of 2.04 GHz with -18.5140 dB and 4.90 GHz with -12.01 dB. At port2, the measured resonant frequencies are 2.025 GHz with -6.687 dB and 4.975 GHz with -19.48 dB, and compared simulation results are 2.04 GHz with -3.783 dB and 4.80 GHz with -9.249 dB. The model of the dual die CPU with the heatsink is also verified with consistency between simulation and measurement.
